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Infrared densitometric techniques have long been
used to study and help control the development process.
As the development takes place, Infrared densitometric meas
urements are taken. The procedure usually requires the use
of an arresting bath to halt development at various times
of the process and by use of a densitometer equipped with
a infrared light source and photocell. . After the readings
are taken the strip is returned to a buffer solution to .
bring the pH back into the range for continued development.
With the advent of rapid processing, and processing
times a matter of a few seconds, a need has arisen for an
instrument to study the kinetics of development. A system
has been devised which can be used to make densitometric
measurements at a high rate of speed. These measurements
can be used for studying the induction times and reduction
rates of various film-developer combinations.
A sensitometrlc strip, while being processed, is pp-
tically scanned by a photovoltaic cell below the surface of
a processing tray. Infrared radiation Is transmitted through
thelfllm, transmission measurements taken, and either the
transmission values or the computed densities are displayed
on a oscilloscope screen in real time, (see Fig. 1) The rate
of scan is 40 cycles per second or 2, 520 measurements per
second. The oscilloscope screen is photographed by a motion
2.
picture camera at the necessary rate for a permanent
record.
CONSTRUCTION
A photographic tray was designed out of plastic mater
ial. 84 (3/32") clear plastic rods, "light pipes", were
inserted into the bottom of the tray to coincide with the
steps of a 21 step sensitometric strip. (Fig. 2) Four rods
were positioned across each step. The other ends of the rods
were positioned around a spinning
L- shaped rod which scans
the light transmitted by the rods and in turn
"pipes"
it
to a photovoltaic cell. The voltage produced across the
cell is amplified and either directly applied to a oscillo
scope for a transmittance reading or is sent through a log
arithmic amplifier for conversion into density readings.
A display case lamp is used as a light source. (Fig. 3L)
A filter is placed just below the lamp to remove only--=that
radiation which the film to be tested is sensitive -. In
A
this project, a Wratten 70 was used for Kodalith film. An
89B or 88A would have to be used with most other films. A
removable diffusion sheet is placed Just above the tray for
providing even illumination to the rods. The plastic rods,
after being positioned in the holes bored in the base of the
tray, were cemented and then polished to become a smooth part
of the tray bottom. It was planned that the sensitometric
3.
strip would be taped to the surface of the tray bottom in
register with the rods. Four rods were spread evenly across
the .5 by 25.4 cm. area of each step. 84 rods were included
to cover 21 steps of the wedge. Extra rods were added for
zero adjust and additional information channels if needed.
Plastic rods were used because of their ease of handling
and their low absorption of red and infrared radiation. As:
the cylinder rotates, the right angle rod picks up the radi
ation from the rods and transmits it to a photovoltaic cell,
which is positioned on the axies of rotation. (Fig. 4) Dur
ing preliminary tests it was found that the rods did not
transmit equal amounts of radiation. A attenuating mask was
made by placing a light source at the position of the photo
cell, and as the collector was rotated at its normal speed,
light was passed in the reverse direction to the bottom of
the tray where a film was placed for exposure. The exposed
film was processed to a gamma of 1.0. The processed negative
was then used in register with the rods as a mask so that
equal amounts of radiation would pass through each rod. This
mask was positioned with a small amount of glycerin between
it and the tray bottom and it was taped down with water
proof tape. The exposed sensitometric strips are taped down
over this mask.
A 2400 rpm motor was used to drive the collector. This
gave a scanning rate of 40 scans per second.
4.
ELECTRONICS
Three types of photocells were investigated. By
experimentation the photoconductlve cell was found to
be very high in sensitivity but with a very slow response
time. The infrared sensitive photomultiplier tube was con
sidered because of its high sensitivity and fast response
but its expense was beyond the scope of this project.
The silicon photovoltaic cell, although of low sensitivity,
had a response time of 2 x
10~ '
seconds and a broad spec
tral response which peaked at 800 my.. By use of a two stage
transistor amplifier, a full scale sensitivity could be
ob-
talned in the neighborhood of .01 footcandles. (Fig. 5) In
this case, the photovoltaic cell is being used as a photocon
ductlve cell by applying an external voltage in series with
the cell. This combination proved to be the most suitable,
although density measurements were limited to 1.0 as a max
imum. The response of the photometer was close to being lin
ear over the range of light values measured. (Fig. 6)
The logarithmic amplifier used is described by L.V.
3
East and W.E. Parker. T.e amplifier output follows the
n
equation Eoutput= 9.00- 2 log10 Einput . All vol
tages are supplied by batteries except for the light source
which is a 110 volt lamp supplied by 154 volts DC. This vol*-
tage was obtained by a bridge of silicon rectifiers operat
ing from 110 volts AC and utilizing 60;mfd in capacitance
to smooth out the AC ripple. (Fig. 7)
OPERATION
Due to the lower transmission of the rods toward
either end, only the center 10 rods were used for mea
surement. A thin silver tape was used to cover steps
1-5 and 16-21. So that a discrete
peak'
for each step would
VJ
be displayed on the oscilloscope, the first rorl of rods
(one from each set of four) were covered. Kodalith film was
exposed in a Kodak Model 101 sensitometer using a step wedge
with .05 density steps. This strip was then taped In regis
ter on the kinetic densitometer.
As the motor turns the collector, a small contact on
the motor shaft triggers the oscilloscope at the start of
each cycle. A cycle consists of a constant sweep across
the horizontal axis. As the photovoltaic cell receives radi
ation from each step, a vertical deflection of the oscillo
scope beam occures, which is proportional to the radiation
received. Preliminary adjustments are made to the scope to
adjust the position of the images on the screen. As the de
veloper is poured into the tray, a timer is started and pho
tographic records are made of the image on the oscilloscope
screen as the development proceeds. The infrared source is
only turned on while taking measurements. Ten peaks are dis
played on the screen. As development takes place in each
6.
step the corresponding peak is reduced in height. To
dis
play a D logE curve the logarithmic amplifier is placed be
tween the photometer and the oscilloscope. The oscilloscope
provides the proper adjustments to invert the curve. To
smooth out the curve the roH of rods that were originally
covered are uncovered.
CALIBRATION
A correlation between the voltage readings and actual
densities of the sensitometric strip was obtained. A strip
of Kodalith was exposed in the sensitometer and given normal
development. The development action was stopped by use of a
stop bath and then the strip was dried. It waslthen taped
down in register on the kinetic densitometer, the tray was
filled with stopbath and measurements were taken, after which
the strip was cleared, washed, dried, and read on a white
light densitometer. Alcurve was drawn Indicating the relation
between voltage readings and actual white light densities.
(Fig. 9)
DATA
The oscilloscope screen can be recorded by single fram
ing a motion picture camera at any rate that the film under
7.
study requires. A clock can be placed in view of the camera,
so that the time of exposure is also recorded. For prelimin
ary tests records were made by single framing at 1 second
Intervals, but for final plotting every 5 th frame was used.
After processing of the movie film the frames were individ
ually projected onto a sheet of graph paper properly scaled
for the scale and sensitivity setting of the oscilloscope.
By this method points were read rapidly .offthe pro jected
image and recorded. Even after balancing with the mask the
rods did not transmit the same amount of radiation. (Fig. 8)
To adjust for this, the readings from the first few frames
(before any development took place) were averaged and cor
rection amounts were determined to bring each step's readings
to the value of the highest step. These positive amounts
were added to each voltage reading from that step during the
entire run. These final corrected voltage readings are con
verted to density readings by use of the calibration curve.
The data obtained can be presented both as density vs. pro
cessing time and density vs. log E. (see Fig. 10)
CONCLUSIONS
The kinetic densitometer can be used to study the kin
etics of development at rates approaching 2,520 density read
ings per second or 40 curves per second. The sensitivity is
limited to densities below 1.0 for slow ortho films like
8.
Kodalith. The device is relatively easy to use, with
the
main equipment and preparation devoted toLrecording the
data It produces. Induction times and reduction rates can
be found to a fraction of a second thus enabling the fastest
processes to be studied,
DISCUSSION
The reliability of the readings will depend upon further
corrections to the calibration curve and improved methods of
positioning the strips. The anti-halation backing
was1
not removed from the film used in these tests. It should
be removed so that measurements will correspond to those ob~
talned for the calibration curve. Also, some faELty measure
ments were obtained when a small amount of developer seeped
through the tape and dissolved part of the backing.
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